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Continuous research in chemical control of brush and trees is being 
conducted by scientists in private industry and in State and Federal 
agencies. As their work continues, they recommend new herbicides and 
new methods of application. For latest information, consult your county 
agricultural agent or your State agricultural experiment station, or write 



to the U.S. Department of Agriculture, Washington 25, D.C. 
The herbicides recommended in this bulletin are: 



Ammonium sulfamate Same as common name. 
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chemical control of Brush and Trees 
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Agricultural Research Service 1 



Herbicides are effective and eco- 
nomical for controlling unwanted 
brush and trees. You can use 
them to — 

# Improve pastures, rangelands, for- 
ests, recreational areas , and orchards . 

# Maintain fence rows, drainage 
ways, roadsides, and rights-of-way. 

# Kill poisonous plants. 

# Destroy alternate hosts of plant 
diseases. 

KINDS OF HERBICIDES 

Herbicides differ from each other 
in the kinds of plants they kill and 
in the amounts needed to kill plants. 

Some herbicides are selective; 
they kill certain kinds of plants but 
have little effect on others. Other 
herbicides are nonselective; they 
kill all kinds of plants. Generally, 
the selective herbicides used for 
control of brush and trees kill 
broadleaf plants but do little harm 
to grasses. 

Some herbicides classed as selec- 
tive become nonselective if applied 



1 Information for this bulletin was con- 
tributed by Richard Behrens, H. M. 
Elwell, W. A. Gentner, H. M. Hull, D. L. 
Klingman, F. A. Peevy, F. L. Timmons, 
and F. H. Tschirley, Crops Research 
Division; and R. E. Larson, Agricultural 
Engineering Research Division. 



at concentrations or rates higher 
than those recommended. Caution : 
Use herbicides only as recom- 
mended. 

Some herbicides are effective if 
applied in small amounts. Others 
are effective only in large amounts. 
In general — 

• Those that are effective in small 
amounts are cheaper to use. 

• Those that are effective only in 
large amounts are safer, in the 
sense that there is less likelihood 
of accidentally spraying desirable 
plants with damaging amounts of 
them. 

Among the most useful herbicides 
are — 

• 2,4-D, 2,4, 5-T, and silvex — these 
are phenoxy compounds. 

• Amitrole. 

• Ammonium sulfamate. 

Note. — For chemical names of 
herbicides, see inside front cover. 

Phenoxy Compounds 

The phenoxy compounds 2,4, 5-T, 
2,4-D, and silvex are selective herb- 
icides. They are effective in small 
doses on many plants. They are 
absorbed readily by the leaves of 
most plants and if they are applied 
in kerosene or diesel oil, they pene- 
trate the bark of most species. 
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These herbicides are inexpensive 
and easy to use. They do not 
corrode equipment. At the rates 
used for brush control they are not 
poisonous to man, domestic animals, 
fish, or game. They do not accu- 
mulate in the soil and they have 
no unfavorable effects on soil 
organisms. 

The phenoxy compounds are sold 
as acids, salts, and esters. The 
esters are best for killing brush and 
trees. 

The phenoxy acetic acids are low 
in solubility and not usable as a 
spray until special formulations are 
prepared. They are usually mar- 
keted as esters or salts that differ 
in their power to kill plants. To 
provide basis for comparison of the 
killing power the "acid equivalent" 
is stated on the label as pounds-per- 
gallon. Example: If an ester con- 
centrate has an acid equivalent of 
2 pounds per gallon, then 1 gallon 
of the concentrate has the same 



plant-killing power as 2 pounds pf 
acid. 

Silvex and 2,4, 5-T cost more than 
2,4-D. Therefore, it is more eco- 
nomical to use 2,4-D on species 
that are susceptible to it (see sus- 
ceptibilit3 r chart, pp. 15 to 23). 



PRECAUTIONS 

Wind-carried droplets or vapors 
of 2,4,5-T, 2,4-D, or silvex may 
injure desirable plants that grow 
near the area being treated. To 
reduce this danger — 

• Apply spray when wind velocity 
is less than 6 miles per hour and 
the air temperature is 90° or less. 

• Use a coarse spray. 

• Use a slowly vaporizing formula- 
tion. 

Ester formulations that vaporize 
slowly include butoxyethanol, bu- 
toxyethoxypropanol, propylene gly- 
col butyl ether, ethoxyethoxypro- 
panol, capryl, and isooctyl. 



79,441 

The area on the right was treated with a mixture of 2,4-D and 2,4,5-T. Desirable 
native grasses have replaced the brush on the treated section. 
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Amitrole 

Amitrole is more effective for 
poison-ivy than it is for many 
other plants. If sprays directed at 
poison-ivy accidentally get on desir- 
able plants, the plants are less 
likely to be severely injured by 
amitrole than by 2,4,5-T, 2,4-D, 
or silvex. 

Amitrole is available as a powder 
that contains 50 percent of active 
ingredient. 

Note. — Amitrole cannot be used 
where there is any possibility of 
residues on food or feed crops. It 
must be used strictly in accordance 
with instructions on the label. 

Ammonium Sulfamate 

Ammonium sulfamate is a non- 
selective herbicide. It is used ex- 
tensively to kill all plants growing 
on rights-of-way. 

It is not a desirable chemical to 
use on grazing lands because it kills 
or suppresses forage plants as read- 
ily as it kills brush. If you use it, 
be careful to treat only the undesir- 
able plants. 

Ammonium sulfamate may be 
used to kill trees. It can be used 
as a foliage spray or in bark cuts. 
When applied to stumps it prevents 
sprouting. 

Ammonium sulfamate is not poi- 
sonous to animals. It is safe to use 
near crops because it does not 
vaporize and because large amounts 
are needed to injure plants. It is 
corrosive; spray equipment should 
be cleaned immediately and coated 
with diesel oil or similar light oils 
after use. 



WAYS TO KILL PLANTS 
WITH HERBICIDES 

You can kill plants by applying 
herbicides to the foliage, to the 
bark, through cuts in the bark, or 
to the soil. 

Foliage Sprays 

The easiest way to apply herbi- 
cides to plants is to spray the 
foliage. 

The best time to apply 2,4,5-T, 
2,4-D, or silvex is soon after the 
leaves reach their full size in the 
spring. However, you may get 
satisfactory results with these herbi- 
cides if you spray foliage at any 
time during the summer when 
there is active growth. Ester for- 
mulations of these herbicides are 
least likely to be washed off the 
foliage in case of rain shortly after 
application. 

Ammonium sulfamate foliage 
spray usually is effective at any 
time that foliage is present. 

Herbicides may be applied to 
foliage as a drench or as a low- 
volume spray. 

Drench. — A large amount of di- 
lute herbicidal spray is needed for 
applying foliage spray as a drench. 
All foliage, twigs, and terminal 
limbs should be wetted thoroughly. 
Drenching generally is the method 
used to kill brush along roads, 
rights-of-way, and fence rows. Be- 
cause of the large volume of spray 
necessary for this method, however, 
it is impractical for treating areas 
where truck- or tractor-mounted 
spray tanks cannot be taken, large 
areas, or areas where water supply 
is limited. 
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HN-10408-X 

Applying 2,4-D to willows growing along an irrigation canal. 



Low-Volume Spray. — A small 
amount of concentrated herbicide is 
used in applying a low-volume 
spray. Foliage is lightly covered 
with relatively fine droplets. 

Low-volume-spray application is 
quicker and easier than drench 
application. It can be used where 
drench treatment is impractical. 

Basal Sprays 

Basal sprays are used to treat the 
bark at the base of individual 
plants. Basal sprays are prepared 
by mixing esters of 2,4,5-T, 2,4-D, 
or silvex with diesel oil or kerosene. 

With basal spra3 r s you can kill 
brush and trees up to about 4 inches 
in diameter, and you can get good 
results throughout the year. They 
may not be effective, however, if 
the bark or soil is wet. 
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Cut-Surface Treatments 

Trees larger than about 4 inches 
in diameter often have bark that is 
too thick for basal sprays to pene- 
trate. These large trees can be 
killed with herbicide applied to the 
sapwood through cuts in the bark. 

Soil Treatments 

Herbicides applied to the soil as 
dry granules or as solutions can kill 
wx)ody plants. This method of 
applying herbicides is experimental 
at this time (1961). Consult your 
county agricultural agent or your 
State agricultural experiment sta- 
tion for information about it. 

METHODS OF APPLICATION 

Foliage Sprays 

Drenches usually are applied to 
foliage by power equipment. The 
power sprayer should be capable of 



maintaining pressures up to 100 
pounds per square inch. This pres- 
sure is enough to force the spray 
through the foliage and to the tops 
of taller trees. Pressures higher 
than 100 pounds tend to form fine 
spray droplets that may drift and 
damage susceptible crops nearby. 

Use an adjustable hand gun for 
applying the herbicide. Treat near- 
by brush with a wide-angle spray. 
To reach the tops of tall trees or 
brush that is too far away for a 
wide-angle spray, adjust the gun 
to deliver a narrow-angle stream. 

Hand-operated sprayers are suit- 
able for applying drenches to low- 
growing brush. You can get best 
coverage with a fan- or cone-type 
nozzle that has a spray angle of 
about 40 degrees. The nozzle 
should be attached at a 45-degree 
angle to an extension tube 24 to 36 
inches long. Adequate pressures 
for hand-operated equipment range 
from 25 to 40 pounds per square 
inch. 

Low- volume-spray treatments 
can be applied to foliage by ground 
equipment or by aircraft. 

Ground equipment is practical 
for applying low-volume sprays to 
low-growing brush on uncleared 
land and regrowth on land that was 
cleared mechanically. 

You can apply low- volume sprays 
in swaths up to 50 feet wide by 
using either a spray boom with 
several nozzles or a large, boomless 
nozzle. 

If you use a spray boom, mount 
it so it clears the tallest brush by 
about 2 feet. Use an operating 
pressure of 30 pounds per square 
inch. 



If you use a boomless nozzle, be 
sure it clears all brush by 3 or 4 
feet. Use spray pressures from 30 
to 60 pounds. 

Aerial spraying is best for treat- 
ing large, dense stands of brush on 
rough terrain. Both airplanes and 
helicopters are used for aerial spray- 
ing. Helicopters are particularly 
useful for spraying rough terrain 
and small, irregular areas. 

Aerial spraying can give good 
coverage of the area being treated, 
but the spray often does not pene- 
trate the foliage completely. A 
second aerial spraying usually is 
necessary a year or two after the 
first. 

When applying spray by plane, 
instruct the pilot to fly as close to 
the top of the brush as safety allows. 
Use flagmen on the ground to mark 
off individual flight swaths for the 
pilot's guidance. Proper swath 
width should not exceed 1% times 
the wingspan of the plane. 

Be extremely careful when spray- 
ing herbicides from the air; spray 
may drift and harm desirable plants 
downwind of the area being treated. 

Basal Sprays 

Apply basal sprays to the lower 
6 to 18 inches of the plants you 
want to kill. Wet the bark thor- 
oughly all around the stem; apply 
spray material until it runs down 
the stem of the plant and into the 
soil at the base. 

One gallon of spray material is 
enough to treat about 50 trees 2 
inches in diameter or 33 trees 3 
inches in diameter. 

Apply the herbicide mixture with 
compressed air sprayers, knapsack 
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Applying basal spray to the bark of a 
small tree. Basal spray can be applied 
at any time of the year. 



sprayers, or power sprayers. Pres- 
sures from 10 to 30 pounds are 
enough. If you buy a sprayer for 
basal spraying, be sure the hoses 
and gaskets are oil resistant. 

Cut-Surface Treatments 

Herbicide can be applied to the 
sapwood of trees through frills or 
notches cut in the bark, or it can 
be injected mechanically into the 
tree. 

Frills are cuts made into the 
sapwood. They encircle the tree 
and act as cups to hold herbicide. 

Make the frill by ringing the 
trunk of the tree with overlapping 
axe cuts that penetrate sapwood 
at least l A inch. Fill the frill with 
the same type of solution as is used 
for basal sprays. 

If you use ammonium sulfamate, 
you need not make cuts completely 
around trunks of trees that are 
under 8 inches in diameter. Just 
cut 2 or 3 notches around the base 
of each tree as close to the ground 
as possible. Put 1 or 2 tablespoons 



of ammonium sulfamate crystals in 
each notch or fill the notch with 
ammonium sulfamate solution. 

If trees are felled, the freshly cut 
surface of the stump should be 
treated with herbicide to prevent 
sprouting. It is more efficient to 
prevent sprouting than to try to 
kill the sprouts. Use a solution of 
ester in oil, as for basal spraj^s, a 
solution of 2 to 4 pounds of ammo- 
nium sulfamate per gallon of water, 
or ammonium sulfamate crystals. 

If you use an oil solution, spray 
the cut surface and drench the bark 
thoroughly from the cut to the 
ground. 



Tables of Small Quantities 

The following tables may be use- 
ful in preparing small quantities 
of materials. 

FLUID MEASURE 

3 teaspoons =1 tablespoon 

2 tablespoons = 1 fluid ounce 
8 fluid ounces =1 cup 
2 cups = l pint 

2 pints= 1 quart 

4 quarts =1 gallon 

DRY MEASURE 

3 teaspoons 

(level full) = 1 tablespoon 
16 tablespoons 

(level full) = l cup 
2 cups=l pint 
2 pints =1 quart 

DRY WEIGHT 

2 tablespoons = approximately 
1 ounce dry weight 
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If you use ammonium sulfamate, 
treat the cut surface with solution 
or apply crystals at a rate of about 
1 teaspoon per inch of stump 
diameter. 

The same spray equipment can 
be used for frills, notches, and 
stump treatments as is used for 
basal sprays. You also can apply 
the solution with a small can that 
has a pouring spout or lip. This 
is a good idea, particularly with 
ammonium sulfamate solution. It 
corrodes equipment badly. It is 
better to use a can that you can 
throw away after use. 

Mechanical injection of herbicide 
can be used to kill small trees. 
Tools are available for making a 
cut in tree bark and injecting 
herbicide in one operation. Com- 
plete directions for using these 
tools usually are furnished by their 
manufacturers. 

If you buy mechanical-injection 
equipment, be sure it is sturdily 
constructed of corrosion-resistant 
materials. The blade should be 
heavy and hardened so that it can 
be driven into trees repeatedly 
without soon becoming dull, and 
so that it can be resharpened 
successfully. 

SELECTING HERBICIDES AND 
PREPARING THEM FOR USE 

Foliage Sprays 

Drench preparations can be 
made with selective or nonselective 
herbicides. 

To prepare a drench containing 
2,4, 5-T, 2,4-D, or silvex, mix 
spray concentrate with water in 
the proportions shown in table 1. 



Table 1. — Guide for preparing a drench 



Acid equivalent of spray 
concentrate 


Amount of concentrate to add 
to each 10 gallons of water 


Pounds per gallon 




2 


1 pint 


2.6 


12 fluid ounces 


3.3 


10 fluid ounces 


4 


8 fluid ounces 



To prepare a drench containing 
ammonium sulfamate, mix 0.6 to 1 
pound of the chemical with each 
gallon of water. Add 4 ounces of 
spreader-sticker to each 100 gallons 
of spray. To prepare a drench 
containing amitrole, mix 1% pounds 
of 50-percent amitrole powder with 
each 25 gallons of water. 

Low-volume-spray preparations 
are made only with 2,4-D., 2,4,5-T, 
or silvex. 

Table 2 shows the amount of 
herbicide concentrate that should 
be applied to each acre. Each of 
the amounts in the right-hand 
column is the equivalent of 2 
pounds of acid. To prepare spray, 
mix the concentrate with carrier in 
the proper proportions. For this, 



Oil-Water Emulsions 

When preparing oil-water emul- 
sions for low-volume spraying, mix 
the proper amount of herbicide 
ester concentrate thoroughly with 
an equal volume of diesel oil or 
kerosene. Then add enough water 
to make the desired volume of spray 
and stir vigorously. 

During use, agitate the emulsion 
frequently to prevent separation of 
the oil and water. 



569741°— 61 2 
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Frills, which encircle the trunk of the tree, are filled with the same ester-in-oil solution 

used for basal sprays. 



you must know the per-acre dis- 
charge rate of your sprayer. Ex- 
ample: If your sprayer discharges 
spray at the rate of 10 gallons per 
acre, and if the acid equivalent of 
the concentrate that you buy is 2 
pounds per gallon, you would mix 1 
gallon of concentrate with enough 
water (or oil, or oil-water emulsion) 
to make 10 gallons of spray. 



Table 2. — Guide for preparing a low-volume 
spray 



Acid equivalent of the 
concentrate 


Amount of concentrate, per 
acre, to use in mixing low- 
volume-spray prepara- 
tions 


Pounds per gallon 
2 


1 gallon 
3 quarts 
5 pints 

2 quarts 


2.6 


3.3 


4 
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Basal Sprays 



CLEANING SPRAY EQUIPMENT 



Basal sprays are prepared by 
mixing esters of 2,4,5-T, 2,4-D, or 
silvex with oil (kerosene or diesel 
fuel). For most species 2,4, 5-T is 
best, but 2,4-D alone or mixed with 
2,4,5-T is used on some kinds of 
brush. 

For mixing basal sprays, mix 
herbicide concentrate with oil in the 
proportions shown in table 3. 



Table 3. — Guide for preparing a basal 
spray 



Acid equivalent of the ester 
concentrate 


Amount of concentrate 
to mix with 1 gallon of 
kerosene or diesel fuel 


Pounds per gallon 
2 


Fluid ounces 
10 
8 
6 
5 


2.6_ 


3.3 


4 





Cut-Surface Treatments 

Preparations for cut-surface treat- 
ments can be made from esters of 
2,4,5-T, 2,4-D, or silvex mixed 
with kerosene or diesel fuel in the 
same proportions as for basal 
sprays. 

Ammonium sulfamate, in solu- 
tion or as crystals, also can be used 
for cut-surface treatments. The 
solution is prepared by mixing 2 to 4 
pounds of ammonium sulfamate in a 
gallon of water. 

Preparations for mechanical in- 
jection into trees also are made with 
esters of 2,4,5-T, silvex, or 2,4-D 
in oil. For this purpose, use a 
mixture equal to 3.3 pounds of 
ester in 10 gallons of kerosene or 
diesel fuel. 



Clean your spray equipment im- 
mediately after you use it for apply- 
ing herbicides. 

You can clean spray equipment 
quickly with a suspension of acti- 
vated charcoal in water. Use at 
least one-third of a tank of water. 
For each 10 gallons of water add 
}i pound of activated charcoal and 
}i to }i pound of laundry detergent. 
Agitate this mixture vigorously to 
distribute the charcoal through the 
water. 

Wash the equipment for 2 min- 
utes by swirling the liquid around 
in the tank so that it reaches all 
parts of the tank. Pump the liquid 
through the hose and nozzles. Then 
drain the tank and rinse the equip- 
ment with clean water. 



CAUTION 

Even after thorough cleaning, 
spray equipment may contain traces 
of herbicide that can kill highly 
susceptible crops. To determine 
whether you can spray your crops 
safely with equipment that has been 
used for herbicides, consult your 
county agricultural agent or your 
State agricultural experiment sta- 
tion. For greatest safety, do not 
use spray equipment for any other 
materials after you have used it 
for herbicides. 



You also can clean spray equip- 
ment with household ammonia. 
First, rinse the sprayer thoroughly. 
If an ester formulation has been 
used, rinse with a small quantity 
of kerosene or diesel oil. Follow 
this by a rinse with clean water to 
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which has been added about 1 
teaspoon of laundry detergent per 
gallon. If salt formulation of the 
herbicide has been used, you may 
omit the fuel oil rinse and use only 
water and detergent. 

After rinsing the sprayer, fill it 
with a solution of 1 part household 
ammonia to 99 parts water (1 quart 
ammonia in 25 gallons of solution). 
Leave the solution in the tank, 
booms, and hoses for 12 to 24 hours, 
then dump the ammonia solution 
and rinse the equipment with clean 
water. 

To clean equipment that has been 
used with ammonium sulfamate, 
rinse thoroughly with clear water. 
Then coat all metal parts with 
light oil. 

SUSCEPTIBILITY OF PLANTS TO 
HERBICIDE APPLICATIONS 

Brush and tree species vary in 
their reaction to herbicides and the 
method of herbicide application. 

Reaction to Herbicides 

Most kinds of brush and trees are 
more susceptible to 2,4, 5-T than to 
2,4-D, though a few kinds are more 
susceptible to 2,4-D. For treating 
a mixture of these species, 2,4, 5-T 
and 2,4-D should be mixed together. 

Silvex is about equal to 2, 4, 5-T 
on many woody plants; it is the 
most effective herbicide on some 
species of oaks. 

Brush and tree species are con- 
sidered susceptible to a herbicide 
if one application of the herbicide 
kills more than 70 percent of a 
stand. 

Species that are intermediate in 
their response generally are top- 



killed by one or two treatments 
but several more treatments are re- 
quired to kill the roots. 

Resistant species are virtually 
unaffected by the herbicide. For 
control, use an effective herbicide 
or clear mechanically. 

If two applications of herbicide 
are needed to kill at least 70 percent 
of a stand, the species is suscep- 
tible TO INTERMEDIATE in its 

response. 

If the tops and sprouts of a 
species can be killed but the roots 
continue to sprout — even after re- 
peated application of the herbi- 
cide — the species is intermediate 
to resistant in its response to the 
herbicide. 

Reaction to Methods of Application 

Basal sprays and cut-surface 
treatments on woody plants usually 
are more effective than foliage 
sprays. Foliage sprays, however, 
are quicker to apply and are often 
more economical. 

Sometimes foliage sprays and 
basal sprays are both used. For 
instance, dense stands of brush are 
difficult to basal spray because of 
the large number of stems to be 
treated and foliage sprays are only 
partially effective in dense stands. 
The solution to this problem is to 
use a foliage spray to thin the stand 
and kill the remaining plants the 
next year with a basal spray. 

Follow-up spraying also is neces- 
sary on species that are intermediate 
in their response to herbicides. If 
one treatment does not kill, the 
brush should be treated again the 
next year. 

After you have succeeded in 
killing brush and trees in an area, 
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treat the area periodically to con- 
trol sprouts and seedlings. These 
are less costly to control as soon 
as they appear than they are after 
they form a thicket. 

Sprouts on mechanically cleared 
or burned-over areas are resistant 
to brush-control methods. These 
sprouts should be allowed to grow 
for 2 or 3 years before they are 
treated with herbicides. 

Use management practices that 
favor the establishment and main- 
tenance of desirable vegetation. 
A dense stand of grass, properly 
managed, will help prevent rein- 
festation of pastureland with brush 
and trees. 

Many resistant species can sprout 
from the base or roots after they are 
cut down. Treating the stumps of 
these species prevents regrowth. 




N 33650 

Sprouts from an untreated stump. These 
sprouts are difficult to kill with herbi- 
cides. 




N 33644 

Spraying freshly cut stumps to prevent 
sprouting. 



Summary of Control Methods 

A summary of methods that you 
can use for brush control is as 
follows: 

Foliage Spraying. — Easiest meth- 
od to use. For best results, spray 
should be applied as soon as leaves 
are fully grown. Drench applica- 
tions used for clean kill of all brush 
along rights-of-way and fence rows. 
Low-volume-spray applications used 
to kill all broadleaf plants on pas- 
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tures and rangeland. Spray drift 
and fumes from foliage sprays may 
injure crops. 

Basal Spraying. — Usually the 
most effective way to kill brush 
and small trees. Can be applied 
at any time of the year. Safe be- 
cause spray is confined to individ- 
ual plants. More laborious than 
foliage spraying. 

Frill and Notch Treatments. — 

Best methods for killing large trees. 
Can be used at any time of the year. 

Stump Treatments. — Used to pre- 
vent sprouting from stumps of 



felled trees. Should be applied to 
freshly cut surface. 

Soil Treatments. — Consult your 
county agricultural agent or your 
State agricultural experiment sta- 
tion for latest recommendations. 

Susceptibility Chart 

The susceptibility chart that fol- 
lows lists the reactions of a num- 
ber of common brush species to 
herbicides and methods of applica- 
tions. Use this chart to help deter- 
mine which combination of material 
and method is best suited for your 
purposes. 
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U.S. GOVERNMENT PRINTING OFFICE : 1961 



CHECK up on these accident hazards around 
your farm . . . 

V Is farmyard clear of toors^ broken glass, loose strands of f ;:beH 
wire, nail-studded boards? ' 

y Are water tanks, cisterns, and wells protected? 

y Are ladders and steps in good repair? 

y Are pitchforks, rakes, shovels, and other sharp tools kept in racks? 

y Are electric circuits and appliances in good condition? 

y Is unused lumber carefully stacked? 

y Are buildings and fences in good repair? Jr 




clean up your farm 

to make it attractive and SAFE 



